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G.3. IVANOV-KHCLODNY

PNE ROLE AND INE SOUACE OF PARTICLES IN I.8C32Hzap AND
AURORAL PORMATION

(Servey)

Oarpuons os of various kinds were foumd ian tae upper
Stasephere by meems of rocksts and satelliites. Recently zuny
Papers e this questiss have boes written. ‘hey are
investigeted by differeat motheds asd is various gaspects.
™he precent Survey deals ealy with cerpusculer fluzees, whicl
sensist of clestrene and pemetrate iate s comsiderabls atmoe
phors depth. Meee, oerpuscular fluxes sre likely o be o
sveat imcertance ia sensiag 1escephere evertsy ang auroree,
Wile studying sueh Serpuscsular flupes thers uﬁn primetple
qweetione, consevning their source and origin, electrons
Ssceleration, and conditions of their Penatrution into the
smoephere what ig ;’ﬁum "ith the loaisalioa (phenemencn
sinanghtns and of the atmcephere. Memy of these
impertant prodliems e not deen polved yeot, therefore it i
of grest importamce t¢ drew sttemtioa to gnem,

T™he firet prodlem of the upper atmcsphere p:;::.!‘ﬁ

the D atod dad
W was the explamation of surerey. Howev-
the prodlem is sti1l not solved though many questioms comnect
with the uoper atmosphere, sui3h were raisea not long ago and
some of shem quite recently, haa bean aclved, Airors® hase

7
tthelr saximum snd iatensity in tue reglion of
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26-25° juat round the gsomaxnstic peles, but they differ
greatly in form, their sligat zlow 10 sometimes oduerved at s
rether low latitudes /1,2/. It wue obesrved leag ago, that In
intensive aurorss oceur approrimmtely s day after acler flare
and generally aurora sctivity ~orrelates with solar sctivity
Thus surerne a-e the display of selar setivity. Omn the ether
hand, auroras ocsur eimiltaneously with geomagnelio sterme
and somstimes they cover vast regioms of the Earth, what
makes us coasider them to be & 3ledal geophysiocal henomenca.
These features stipulated the search of a theory, which
might m‘. srplained surerss by Beghs of eharged saorpussulee
fluxes, com:ng to the Barth from the Sun. The firet such
theery mms worked out by “irkelaad and thisn develeped by
St8rmer and vegard. ke tneory seemed t2 give & geod
qualitetive explenatica tc “urorsl  ;oass leontben aad
treir zonnection witd gecmagnetic disiurvances. the
trajecteries of coarvad particies mobements ia the

segnetic Tield were sgwdied in detail. However, tais theery
17 1%ts original ferm at cless examimation oeuld met zive o
satiafactory quantitetive explasaliton to such factis se
particies spreed in the iaterplasetary medium from tae Sun
to the Barth, particles ability tdevercome the magnetic fial:
and trhs earth atmcschere, pocul*ﬂlou of particle effecte or

the csomagneti~ fieid and nature of the lailer varistioms, sk

4
ex:itatiLn of typioel surorse zlows, »te. &4”. Perrero
A8 Marcyn, Hennett nd dulourt, Alfvea, ceitukhov and othe:

Isyai:s:1 e theory. ‘hews tne ries #.i. ot be ilscusded

tare ug thelr =other detsiied coRticiam adrvey wua ¢ cant.y
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with smell pitch smgles could resch. deep stmosphere lagers
aad causs surerse, aight air giow, snd iomesphere lesisgtiea.

After tne rediatiom delta were revealed amether soumes of
their trejpped particles wede suggssted. T™hse moet populer mus
the hypetheees of the belts fermation due te albeds noutrens
decay. suggested Ly Sager /7/, Versev ot al. 78/, Kellegg/9/
and ness /I0/, m.nm-mmu«uuw.-
hamber of investigapers ia 1959-1960 /11,10, 13,14/ end laser
by others.

Theee iavestigations resulted ia odlaining intenaity
distridution in spece, Sorgy spectrus, and distridusion of
trappe! particles velecities, calculatien of their life time
aad discuseion ef the moat procadle Ways of particies leabage
less frem ths rediatiom belts. It ae 8 well indicated thet
albede neutrons decay could de a soures of saly the iamer meve
stable radiation belt. While censidering the cemmsetien of the
oarth rediation belts wath sureree, let ue pay sttentisan to
hAypotheses expluiniag the suter rediation belt, Nete boveover,
that lutely h&n- /15/ tetocted appresisdle rediatios istened-
ty varistions ia the lmmer rudiatiocm beit following iniemge
ahremospheri - g.-?.. ‘hess variatioms are oo great , and
characteristic time of sermal resteresien intensity lavel
is wo short, that there appear serious grewsds doudt hat ealy
neutron source comtridutes to the tmmer rediation deit,

A zocd stisulue, dut simultenecusly n tou-hstame for
theories =7 Lhe rediation veits origim aad purticl.: loss
from “te n21tg weg ths iavestization cf tusir -onnectium with
Rt rae andt che exrth 1onacephers.

H

!
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Bparimestal data on tue raletiss sl the redisties
beltn e AURORAR

One of the re scas which made some of the scismtiste

oW

thisk of & certalm coanection betweem the rediatios bdelts amd
surerse (Vaa Allea /16,17/, Rode /IS/) was the detestiea of
the close pppregeh of the surose latitules to the ocutlet of
nagaetic lines of foree from the euter redistisa delt, V.I.
Eraguovellp ot al. /I9, 20/ csnnscted the eccuranse of the
rediatica belts in the high lstitudes with the atmseplere
heating and axpansion above ihess regicas. The electroa flumes
seasured in the cuter redistien Ddelt seemed to cerrespend %o
aurers slectron fluxes. The first measursments radistion inteast
ty fluctustions in the lower belte 2RI/ demenstreted that
these correlite with solar, magmetic snd icncspherie sctivisy
including surcres. It seemed natursl, that ln souree ef
coamagnetie Matur‘c.‘.. when the geners. patters of She
goom gnetic field le alurd’ the porticies are adie to lesve
the radiaticn belte. au-a-?uno demper sarth stuce bere

laysrs they could cause mwmxe icaisation ia

the jomosphere., ‘herefore st first redistion dels duve to xashe

verious guelitative 1deas, were considered to be 3 nsatural

sourc - of suroras . fhen there appeared theorims , mkich ‘

‘onsected the outer radiition belts form.tion with wolar cer- 3

sugcu.er flixes, 1.5, Sklovaky et al /11/, dess an* #uid 722/, ;
|
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s.B. Pikelaer /23/, Geld /24/. Taough thees euthera &ifferently
treated the predlems of particles and pPlasm slewis conslot-
iag of solar cer-mscular fluxss srepped b7 She gosmagnetie
field, they left wasslved another imperteat problen - Wergy
trensfer from slew ieme of serpuscular flumes o fest
elecireas of the redisties belte.

Purther investigatisas concesned 2ot 8Bly Sheeretissl
resvareh: specifiesties of the particle trepping and sseolre-
zxum--mmw..ﬂ-mm-m
mmuoh-i—-rnrthln lees fyem the belts and
the particles life time, sut alee sn scoumlation of experiment
ol deta of the specirum smd intemsity of & pertisled of mastms
varioun sltitudes, saguler distriduties ofihedr velesitioce,
variatien with tims sad correlatica with different phonentbiy
Let us oensider these werks in detall.

Osnsidersdle veristions of particle flumes intensity 18
the belts uriag geemagnetic sterms are ene of the mcet ssriking
dieplay of clsee senssstien of theredistion belts sed
goemagnetic flsld. -.uv- ot al. /75/ Lsvestigatisns et
Sxpleres IV and Arneldy'e ot o) /26/ Lavestigations M
fxplerer YI conviscingly shewed, that A8 the sourse of ¢

considerndly decrensed and sfter the stesm 1t 16 mat only
restored tut it becams meTe intensive tham befere the etorm.
During tne stors the outer radiatios belt prefile uad
L-.r.::fm:"n’nu a8 the energy specirus of the pa-ticies, sl

whi~h CRFIRGIIREXSLEER became more rigid, durisng the store.
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All shis poinss %o the complicstion of the seaha. i ame
cf lees 6d replenighment of partisles of the belis,
Alongside the discussica of poesidbility to peplenish the outer
belt dus te sslar corpuesular flumes,in /2§/ there was wede
& suggestion, that particle fluax vastaSiens in the Suit could »
be ceanected with variation of stusaphere tensity at Algh
sltitudes during geemngnetis stesms, when some prevesses,
accelereting the particles in the stmsaphere sre ingensified,
T™he fact that the wper atmsephore denstty 1 ceatrelled »y
the solar astivity /27,38,79,30/, ean sles Sive an
explamation te the edesrved in the outer nene radiation
intezsity veriation with solar aotivity,

Teu the pogititn of the redistien delts 1n the earsh
magnetic fleld was imvestigsted precisly it wes revealed, thet
sagnetic lines of ferce, geiang out of the ocuter radiatios
belt, reached the latitwdes, which did met osimside with cusess
Pegiens, the mest striking differcase wae merded ia the Sumting
Seuthers Bemisphere. Thas, ocaly the outmest parte of the
rediatica belte are abdle to previde particles to excite
aurcree. Certais difficulties erise when eme tries teo explain
surerss excitatios dwe Ve nxShexhelteutastag cgasnngne tis
SEarms (Are> anaaf 1 e meek xatwiking dtapiay:at sl sse xuatnastten
of xxn x st 1R T ENNs bk ieiant gesnagaeiizatiall,  Retuad ) texatnl.
2234 s Iy mstignkinnscan cingianerx ¥ aamd  the particle Jose
“rem of the outer belt, as it should be sssumed thot ibere 1@ p

partizies irunuition from ibe ceatral part of the sone to
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the outer ome. Meemwhils Argus axperiamte showed, that
trapped particle ehells appearad te be very stadle ia time,
and parstisles trepsmioeion from eme sagaetis shell iate
another oae ﬂ-’-“ another gecmignstic latitude is net oboerved.

‘Re basic sseumption, that the iatemsity sad spestrm
particles iz the rediatisa belts cerrveshnd te the iatensity
apsctram particles of aurores, was alse tested sxperinsmtally
Sere, it wag impertamt te¢ sempare sorpussulear flusse mecsure-
Rents, o,rried aut by reekets, st abeut 100 Mm altitude with o
theoe of the rediaties delts, particularly of their lower part
let's congider Shis predlem ia detail, as it 1s of prinsiple
im jgriance for the thesyy,whieh could give an sxplanstios te
the ezsitation of amrerss glow and iomesphere loaisstiea,

Eaacinsntel data Qonceraing Osrrwsanles
4o e jeweashers sad is Aurecse

Though meay experimemts were oarried eut ¢8 revekot and

satellitss, instrumented for penetrating radiation neasuresent
St present only few datas of the intensity and cnergrite spestrum

of the cerpusculer redistion, penetrating the Lemsaphere sre

available. This faet is ceumected with the following: whea

the surth r,diatisn belte were discevered all the stt.atiee i

wag drewm to the iavestigatiea ¢f the -ﬂ;‘f the bolte

and fisdiag their outer bowndaries, becsuse theee dsta

were of great impertamce for estimmting readiztion hasard for

apace flighte (compare /36/). In the present survey os the

luatrary ®e are iptereeSed in the loweet purt of the

rodiaticn zonee, pen~tratin: into the jonsoapn:re and
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interacting with 1t, “he ionosphere and swreres are

situated ccasideradly lower than the bdelt maximmm, whiock is mk
situsted st ateut YOOOP-4000 ke altitude above ths ecuator,
and in the Righ latitudes - lowers up de ~ 3500 km,

Ve Allem end his eslladorsters ware the firet whe W
maans of reckede in 1953 found corpuseular redistics ia the
upper staesphere at eemparatively lew altitudes § ~ 100 Wm).
Penetreting rediatios wag recorded by msame of relatively thim
thick-waliZed (O.I - Oué g/ewd). Gelger cownters at the

A~ SO m altitude in the pelar regien by Neredith, Mnbemald,
Klie, Ven Allen @A./37.38,39/. The suthers delaived thgt
there were recorded emly elecirons with the energy of > I New
their flux being (sccerdiag to the Lsotrepic sesmgtien)

~ 16 =~ 20 tloctuu/enzm. These resuits were coafireed iy
the 1atu, obtained with the uee of a escintilliation oeunter /d4dg
At low sltitude of sbewt 5C km cerpuscules effect ealy slightly
coatributad te the cesmio ray backgreand, dut st the 100
altitude a thin - walled ceumter recorded radistien 5 iimes
ag intensgive, &3 coemic reays. The investigatisms eof 195)-19%%
showed that *he corpuscular radistion fluctuates with time
vory much, it Bas clearly pronvunced latitudisel vartstions =it
with their seximum at the geomagnetic lstitude 65-70°, 1.e.
roimed fe with tde sarimum joce of aurerse. This preved thst

~orpuscuies Dod alectic charge.

PR
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- Purther iaveetigations oy Vun Allea carried out by means
of scintillatien counters /43,44,45/ shewed thst the pr:..‘l’
serpuscular redistion consisted of slectrons with the snergy,
maialy, IO-I0L kev (et lezxat < 200 kev), In tae corjuscular
radlstion scne maximum ths siectron flux was 106-103
olntmnuﬂzom {smorgy fiux 1-0.0J crg/uznc.). these
slectrons decelerate at the 30-1IC sm altitudes, snd preduge
‘remsirehlung I-rey radiation with tke intensity of XO) - IO’
o ?eeil rosohing the altitudes of about 50 km, and sema-times
p to 25 km 46/, LeA.Antomsve's et al /4T,48/ reperted, that
& flux of slecirems of 1-5.10"7 erg/omZsec stersdians, the
SRergy specirum naximm of which being equal te 10~40 kev,
s recoried by meams of flwereecent a:reeas with pro spoor
IaS(Ag) st the 7G-J0C kEm altitudes iz the sdddle lstitudes
and in the polar region. Thess resulls were recent.y soafirmed
»y T.tlml.chov#ﬂ. al §49), whc sade messurements at the
same sltitudes uaing seme other metiod: tnermo.unines:ent
phoepher Ca Q‘ (). In 744/ 1t was indicated, that i
serpuscul.r flux intemeity at the periocd of the BAXLIAE aclar

. e e e

activity ia IS557 was 3 times of :hat of im I9953-45,
All these experimeats, carried out em rockets pradabdly
point cut tra’t at the T0-500 xm :ltitude there is a

permanent elscliron flux with effectiive enerzy - PO-AC Vov,

The zl»z’ron 7. ux apprecially Fluctustes in time, ‘'g v-riction
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ceiag prodatly 1-2 srier of magn.tude. The enerzy of tne flux
asmes to 1 -onsiderudle vulue - sbeut 10~2 tu-g/:l2 TYR
steridians, 511 in the geomaguetic latitude 67° 1t resches
ite mazimum stoat I - C.J eu/alz see. sterad.

Considerz%.e variaiion witn latitude of the measured
sorpuscular fiux 1ntensity with e sharp saximum at €7° of
the geomagnetic latitude, lying in the surorsl scnes (similer
remmlte were odtained for tae Ssutberm polar regiovs /45/),
and high intensity of th+ redistioca, comparsble »ith the
emergy which surorss emitted in the viswal part of the spectirwm
made Tan uxn' balieve, that it ia the cerpuscular redistion §

that cduses surorss asd it is somehew ocommested witz them,

treces Kioctren Fiukes “seaurements by feens oS

feckete sad Satalllites

Intensive . rpusculsr fiuxes /44/, pesetrating extremely
isep (ntc the simoeyphiere 745/ were recerded by the rockes
fir 3 on 14.YIII-57 intp the luminews features of the
aurorse.

Thes several rockets bave been fired intc lumimous
features of curarss to meagure the orpyusculsar flux
wand iia epesirum, The resulte of ion aad elictrun fluszes
neagurements (n diffusive surerse forms of intems:ly class I,
curried out oo 'ne rocket launched va Pedruar: 2I, I19%8 and
i ilie lcti‘i;’};: ‘e aircree - on Pedrmary 25, 1553, were

cunarral on Hollwe:ade prpery /90,51/. Corpuecuies with the
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amergy ~ 17 - 20 bov wers recorded by means of a ssimtilliat-
ien sounmter with esimtillater Gal, in freat of whieh electre-
Bugnetic speciral amalyser ware iastalied. Klectroms were
first recorded st the 80 km slititude(the flux was 0,1
erg/en’ ses sterad) amt at the sarimm sltitude of I km
the flux wag 1.6 ° xo” dntmdu’m «» T™he main part
of the emergy falls em soft eleoctirons with the energy < 10 khev,
Kectrons energy spectsum in the sasrgy region of )= kev
ws oqual to 2.5 + 2070 T ™Y ) cetrene/emioos, nd the
teta) wmergy flum 1o ghewt 26 erg/en’oce in the 81ffusive
glon, Begides 1here was reserded s flux of protens of -390
kev with the fellswing speetrus: (> E)s

22,5 +10° oxp / -w» h-v} protena/cm’ees stersd. ad
with the tepal flaz ~ 1.5 - 107 pretoma/em’ess. Alscst
neasenergetio clostvens flus with the emergy about & Lov end
with the saximws flux showt 5 * 100 ckecireas/em’ess steart
( =~ 2000 erg/enese) /S1/ was reserded i the active arc of ;
surers. Bfficiency of elestrens sasrgy eeavervioa ia light ‘
cmergy emiseion da the atasephere is sbout 0.2 per.emt. :
his impertant ceeffisient make it peceidie te ostimete ;

electron flux in verieus SMrFrerse ecourences accordiag te !

vigual estimate of their imtessity.

Papers by Neredith ot sl /52, 5)/ imform of tarees
rocket launchings 1ste the lwminous suroree arcs on Jasauary
25, Barch 15 and 22, 1998, Geiger coumters, propertinal,

impulse and sciutillation scounters were instalied on the
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reckets. T™hat allowed %o measure net oaly & flux of cerpuscules
but aise their emergy speeirwum,
Wen the recket paseed through lumincus formaticas of
aurores s flax (up to eruazm) of com arytively seft
Slectroms with the emergy abeve ) hov was recordsd. 3ome date
ahout slestrens Mengy spectrum were edtained in the sork: o8
slestren flux with the energy B8 bev was 10 times se intenge
o8 88 eleetres flux with the emergy abeve )5 kov, Besides, here
4 wall as in /50,51/ there wae reserded am jea flux of « 107
perticlea/en’ese stoved. the emergy flux of whick was by 2 erders
of magettads lees than thet of the elestrea flux. At thie
aliitudes delow IX0 - 140 k» tl-ro Wed sdearved the decrease
of lem sad olecirom flumee amd of isetroric mmgular
distridusion of particie velsgity. It was meticed, that the
eleciron flux sbeve J40 km wae met csmstant asd ia ome of the
sxperinents, had ) maxiss eerrsqpending to ) mements wten the
rocket got into surerel reps. Oeatrary te slectroas shichk were &
20t obeerved eutside the regiens of sureral display, iose
Sere found ia the upper layers Lrreepesti®e of aureras. It io of
lapertance 90 mark, that uwp te the IT8 m altitude slectroms wit) B
smali energy of J0-1000 ov withafin the ascursey of k
1070 2500 Tateraa™T nave set deea feund. ,
An imteresting resuls has beem ebtuised on Baplerer YII ‘
/54/. wweve At the 1000 km sltitude, whem the setellite was ’
passing fust above ths surersl are (if the seteillte irafectery
is profectsd along the magnetic lime of forcd) tacre was recorded
an extremely pewerful corpuscular redistioc flux (?IO‘Qrglczm
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The reserded corpusamlsr radistion, as well as ir suroral
regions, was unusuelly soft (e retic J: > X ves;/f

/J (>70 Rev) was 27:1 instesd of usual I&:11). anguier
dietrivution of particlues veloclty wes swgh, that the
majerity of the particles sheuld have dean sbsort.d in the
stmssphere after seversl Bumdreds of oecillatiocas $fur abewt
s fow tens of minutes). Inteasive cerpuscular flux wes ales
oboerved, when the ssteliite wae paseing sdove o loag and wide
surorel are glewing ir the line 6300 &, the sorpuseular
rediation iatensity decreseing in tiwe in course of the
curere glew dying ewmay.

Becently oa Bxplorer XII sad Iajune I O'Brets ot ol
/55,56,57/ ovtained new important dsta about trapped particles
flux s»d spectrum 10 the lewer and central parte cf the
radistion beits, Barlier eleciron flux vaiues
1017 :a"Zpee™X( B 320 xev) for the suter rediation ocelte
aspsared to be highly oversatimsted. The moet receat dass

neladtmeats o Eaplodz I anc

about the electrum flux j &nd spectrum socording tc tae

89 Lpht <1000 o au aiop o #ine
s .sureasats oa s 1 an sieciron flux with 3 Q4G kev

2

son Tl ses j-lC‘oi sec”! and a:cording to one ociuti"nioa

sounter messurexents ine :otal energy flux for 8 21 kev ie
2
equal to~I0 org/cm‘ssc. 1terad., and socording to snother /

one - ~7C org/a2nc. slerad t-cof“nod ic the following Tk

m—— r——— e e ™ ~ ,
S tewie. T T L S
E  kev  RAC  45-C 80110 II0-160y  ioaG=%iae  500C
| e et m e e e o m - e - > - e - ——— o - — - -
, ? a A ep®
joeleectorc? 3.pc? 10 < 10 2,10 < 10°
—
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ln :hese fluxoo%h emell pitck angies values seo—4trws, that
the majority of tnoss electrons shouid pass fros the I000KR
altitude to & 70C «m , and being thers obeorts?, thay csmes
an surere. I is (.xely, that it was tnose fluzes wiih whieh
Sne ccnaected lNa  txerved duriag 0! slmest ceatimmons
deffusive surere, glowing es the whole eky /5/. The value
veries seasideradly with time and gecmagnetic latistude, fesrming
s wide pesk 2t ¥, 50° and 1n the suroral sens. At Righer
altitudes the spectirum of electiroms is se s rule steoper,

i.0. here in the elcetron flux there predeminite sefter
serpuscules. Irn suroral umuj varies for & fow seconds by

! an erdor of magneiude, what cerresponds tc the distarce of
several teng o7 k3 scvered by the eatel.ites. It ia apprepri-
ste to remind tnal the first investijations of seft
corpuseular redistios carried out dy Kreseeveki et.al /58,19,
20/ oo the M Soviet 3atellite by means of a luminescent mm

e

wedepbor, reveslcd jual tae emme peculiarities of corpusewnlar
4 redistion,

The scst zuiteble inetrumemt, which has deem used wp $1l11
now, and i1 tended for corpuscular redistion studies, is
8 lumlaigoent pireed comdined with photowu!tiplier,
deszribed by Arassovask:, Kushaer, and Bordevehy /%3/.
Mrasurements with the nelp of fluerescest screem, made out
of InSiAg;, which wag particularly sensitive te sofi ol ectrems
acre carried out on ine M Lovietl Sateliite, wbere tnere were

chlaine; vaiuwsle res. . tw, itnough satisfeciory meamurements
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were very rew (only cne revoluci n o May IS, 1958), because of
the instruments almost a)i the t.me were scaled off (b0, 54, 19
20/, The tlreshold of tne instruwpant sensitivity to in: el-cirons
( =~ 1. xev) was the lowest of sli used efo-=s, [lns lneaest f
{Tand. %y DaM Dean recc. .1 aluve lle JseoBAgW L.l squator

tae Lramr radigtiom belt se toee 1200 xm oaltitude (in lne

iastern Nemisppere). 1f ‘he snerzy of slectrons was about 2l xev,

1 2etered = 6,10° uoctnuz‘mzuc stegd

their flux wes 10 *7a/ oa

/719/. On Koy IS at night the +d Jeateliite pap® 4 abcve the

Pacific Ocean st the I720-1880 km altitude 42-54°8. Inere wan

detected BOLN slectrom imtensity and eaergy variation in tue

flux with the Setellits revolutioa and geoolysical la,.tule 8,*

- o

vary quick { a1 8.4 /60/) vempowtd l:ieneity vETiaticue ﬁSiL

an orier o megnitude. Nes: the equator LRe Aleoiron cnervy wWas
~ 40 Wy add in ihe polar regien - i fell up to I3 xev,

Theg#e exp-r.@ente revealed, -8l narl.cies movement 2lrectilin 1o

pormal to mmgnetic lines 5 f(orce, what indieates that iue

particles move elong #pirisis Tuund lines of force. later dleg-

line afatributions of particlss velcoc.'icsd was cdnflruss o Van

Alien ~t. 8l /16/ and Melly ot. sl /61/. The ziaimuaz 'iuy scorast

o those experi.eats at 10w allil.der wes eq.al to about

H '-r-r/’c-i-ec. But ihe vi,.f ®as mueb higue; that the pesticies

f.uxes, recorded Dy anstner met:rods. [hose experimeats olviouely

how, (st 807t elictronsg po&sne tlhe M&JOr part of iis rlorgy 4
nth ir tue locer #nd cotar radiAt.od belte, In /6C,%,1 0y, ;
ceosere tut forward sfome JORE) 10rnlion® SOHAGYTNLGe ™t
Tl oariares
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0 3hoee eiectrom fluzes, eapable to imduce

apprieiable heatiag of the Rpper sarth atmosphere
’

providiag s shary temperature gredient with height

and detectoed W Setellites stmospheric eXpansion
12 the polar ~eglone, where flux inteneity was sAghey

- .
Puther investizaticas confirmed, that

rert_of

sasrgy in the rediation delts i3

thes fundament, )
Sarried hy siectroas,
According to new dats 756/, slectrem flux wish
B 2 1 xev 14 adout ufx/-’ sec sterad, un’:g;o'
betesan elestrox velocitios and o Bagnetic iine of
force being se mmall that tne majority ef *lectroms
sheuld reech the ~ 200 km altity

Detailod
Mmabegene invogtizations of angular eloctrons diatribution

des aad cause sarers,

/57 indicate, that in varieus latitudeg electron
flux with 8 > &0 kov, peaetreting ins simesphere,

. ¢ -2 - - i
ie ~ I0" am” “aeo 1 sterad X aad total flux of N

e.entrons dumped into the atmogphere in the day-:
stout 10 erg/-m’ sec /56/.

ime ie

resaoa i
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‘Re provies of Corpuscuwler Accelarsiiom io tue Almosphire

The obtained results are of priaciple importsnce, a8 they
sonsider tne proslem eof sorpuscular orizin, eurvrsl aai ~edistiom
balts particles origia in a new way. ooctinusve powful partiele
fluxes at epocriciebly low altitudes cirected inte tne utmosphere,
m’& “m m”i particles loss from the beits
Taerefore papers /56, 57/ iadicated taat 3t ‘s Becessalry to sO8u-~

@8 .nat there exists s mechaniam of their scceleretion, located
in tae fozusphere. Prowadbly the rediation delts are formed
uader the influemce of the same mechanism, whern the accolerated
electroms enter the megnetic trep trajectory, sarlier Lrassoveki
et.al /58,62/ in compection with tine data obtained on the M
3eviet Artificial Seteliite made some consiisratica comserniag

soft perticles sc-eleratiom in the sarth wesnetic fleld. Recently

bW mpane of the 2d spaceship Wermov et.al ¢}’ found comeider-
able corpwecular flazee is the At@mosphere and aleo at the low
altitude of 320 ix, and declared for tre 1ypothesis of electrea
loce)l accelersticn within the limits of the seomagnetic fleld,
The hypothnesis about particles accelsretiun in the ecarta
stmosphicre causes by ORe OF ascther process was sonsidered Wwes
pusbe - of authore (Alfven, Heyl, Lededimsky) who tried te sive
AD expianali.ii 10 surorse earlie: ; }"'&'_‘_‘_‘._,/?‘i n:d Reid /;)/
m’ considsr:i sechemiens of electron acoelerstion Xy

,;pm.”t;cn‘; coral elect®ic (1elds in the i1snoephaeres, the /,

existence - wn oL 13 belleved to be highly presusadle, fac . logg

k7 msnuTtes trnal whiie deffumii. ir the Lexasnetic Tield,
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particles accelerate. Chayasui /67/ considered Permi
acceleration mecassaiom to be dun te hydromagnetic wavss. The
Aypothesis of particles scceleretion in the static magnetie
field like in an Origimal gwocyclotrome, was suggested N
Holiiwell and Hail /83/. Colemsn /63/ - asidered the af’eot of
intomcgensous graduslly changing geemagnetic tiolﬂuctm
mschasiss of scceleration. Dessler, Hamsea /70/ suggeetod sa
ecesleration mechanism by & shoek Wave whiok is prodeced [ %4
8 solar plasme emterisg the coarth magmetic fleld. Siager /T1/,
Shenberiain /72/, Chamberlaia et.al /73/ stated that it ie mmm
neeessary to sssude that ia the sarth aimcsphere there sxtate
particles asecelerstioa. A trM slectron soseleretion
mothanisn in the cuter part eof ieaeephere “ whistlers wvas
suggested by Parker /74/. ADupefu amd Toapuen /76,75 sade am
sttampt te comnect geomagnetie o the radiatios selts s
amd the gurrent/Fing Aed they obteined originel saguler
distridution of trepped particles veleeity.

lua. Antemove end Ivamev-Ehelodmy in papers /T7,47,78/
prosesding frem the Rypatheeis that Wsre are cerpuscular
fluxes 1a tae lomsaphere, saleulated saergy spectirus of slestreny

predusing night umq-n low elestven smergy ( R 100 -
-200 ev) “o ~.m. -l :'Q. where

r«.snno ous odservstions)l dats of the

spectrun and the caleulated spectrun for & guiet lemesphere
are compared in Pig.l. These caleulatisns cam de carried gut

1f it is aseumed that RSx there is am isotropic electrue
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velocity distribution in the space. The meesuremests imdicated
that there is no 180trepy. Taking iste seecumt the trwe weloeity
distriution ome ocan odtain s variatien of the saleulatod
electiron suergy spectrus ss we.l a» another lo.r.m \.
Spactrus veiue though the total electirems flus enengy nlwm
preserved, _ne cf ihe 4isplaye ¢f the corpueenlar electrea

fluzes is X-ray rediatior recosded on dallooms. let us comsider

sxperimestal date conoerniag this rediatioa.

I-Ray in the Upper Atmosphere
Secosdary X-rey preduced by elecireas peactrete desp iate
the atmosphers up 10 lew altitudes, and this faet makes it pese-
Y
1hde carry cut investigations over & leag peried of tise

with ihe help sf ballooms. ilutemsive I-Tags event at the level,
characterized by the atmespbere depth of 8 d" (y28m) bas been
recerded by Vinckier amnd Peterwex /79/ &uring ems of ths moet
latensive surorwe. X-ruys iatemeity with questum mergy S0-80 kew
reachad 5 mr/h, 1.0. 4.10% phetenn/enleec (sempare /80/).
dscrhasiem of eleciron saddetben docelerstisn resulting Trom
passing tareugh comparstively dease atasephere lagers sas onstd-
ered Wy K‘um /81/, whe indisated that shea e elect v o*nergy
1s about 50 kev one quantum of k-reys 18 predwesd en tn.

averesre per 108 electrons, and as for movre esmergetic eirctrons
the efficiency is higher, Apuording to /22/ the afficiency for
elecirons wita 3}XO kev esergy 18 equal to 400 electroas, V*“f
Mg orf the base of the eWmerved I-ray flux value uns night

#XTeoLothat there are extreaely intensive electrons fluieas
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pomat tead pmxolu/-zm in ssrorue, what 18 ia agrveseat
e n r-r.lte of direct rockel meesuremeats of the flunes.
sirer intemsive I-ray frem sarore, pessisg througn toe
ter - wom olserved by “idkler 23.1K.57 /8)/ Wy meens of aa }
io L rzeiion chember, imstalled in the ballooa. sinaklay
ent nai»d o sleetrem fluz, produerng the obmerved X-rays of

5,107 »lectrona/enisee (~ 10 erg/enlses) ssmuming Sast olectroa
anargy was shout 100 bev. Ia the seme wewk it 18 reporied that s
fiux SO times a8 Anteasive ves sbesrved o I13.IX. 57. Thess
ralues are semmuhat sverestimmted, whet 18 osmnceted with semeo
singiifications in esloulstiens, 1a pevtisular with the isck of
precise veines of enengy ppecirum of elestroas.

.5 meye recest years ¥Winckier, Anderses, Fetersesz, amlﬁ
+1.a) carricd eut MWSTOUS SXperisssis with the Relp of wllesas
£ 4D, 54,88, 46,56,87,/. Jummarised reenlts of uses woris are gived
uy Anderees /88/ aad vinekler /8)/.

e oot latessive k-vuy fluzes are oksorved duriig Sureres
717.43,79,5%,86/, and duriag severe gosmagnotis stormn /34/.
Yporedic I-ray has been 2bserved for several houre witin
charscteristic shaty and Tepid intemsily finetustions.

During the magmetic etorm 63 29.¥7111.97 Anderser. 32,84/
recorded 8 flux of Z-ray phoiocs 20 pnoten/calesc st red. with
the saergy of 1.0 kev at the altitude ocharecterising reetdual

2tzospnere Lo ;/a"'. Consequently, taking imte accourt absorptiss

rejond LEs aiacsohers bmsbés the flux should be about /¢ photeas/

LamCgec steres. TH.8 8R eiectron flux begond tue 3:0se utmoephere

Lsgnrd was estimatsd ‘gt aboul i P altituges. 1 0F '.‘105
r.Lnzcat mec, storab. (e Ve 7 erg,c&a;’ an: e¥er Lo, L7 the
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aspumed electrons were "Yhlter? them U xev). [t 1g
clear that sven sasuning the comparatively Ri n eloctroa
rigidity (ses above, rather inteneive corpussular redied~
tos fivxee 1o "ne upper atsosphere are cutaimed, taowgh
they are .+u2 .antrnpitve, thal during dright auroras, It
is pointed Gt in /A2, 94/ toat ibhe fluxes likes in ease
of am surore are ¢f ni. nly limited lecal spesded-and
Sempevad patirimy tm > pan and Cime.

It i;mm".»x“se ty aste that offen the reciation wes
ARGl c3anacied with eltne: cecmagnetic ar selar phesomets.
Anderecn /H8/ imdicated that ususlly X-raye decrease
after sumse’ tnocugh 1t 18 rether o rule thas ¢ law, It
wag reporied, that close to the megmetic vole ro X-ray ha

sver wma: ciaerved, even JuUriag JeomAEnAtl.c disturbmaces.

et up considrr 1n detall I-rey a.uovvet. o rweeuite

wher there grs No Mro™ss and saynetl:.o ~torms.

Durtng Pquiet® periondg »f time 1n *oe polar regiem
K-rays wore observed {.r i per cent of (ns 1015] time
of talioone Ilignte /31,:\&/‘ L uUSN the meliat oe
intengity wa, 10~I00 tizes l-ss, ther durims surorse.
The avove ser’.~ned raciation was recorvied L. acans

af Seiger couriads, | rizetion chamver, and ag 3 result
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5P theee eXDAT.NENLE di:rereatiational pne’ons

sorGt AR ws3 Arewsn up, whict appares..’ Wag @ refleces:
fior ul 1 e cnarietic elactroue srecirum csusing the
raiiagisn sosewhere st the ~ 1l o altitudes,

In ordcr to calculate witn sulficient rellavility
according t. the obssrved I-rays the elcciron flux
causing the latter, it ig nec~swary 0 kanw this
rediation snacirua.EBerous s, cotrum mranuLrerents
madi~ by meuns of ecimtillation cou™i-or¥ in tae polal
replon were reportad by Aaderaon 37,38/, The
mezaurenets were carried out inv  ‘iree spectrue

regions 4% 9%, §5 - 170, ars Y. - 1AG «ev, Tahing
intn account the sbsorpticn «77ect 1r the ATBOMuhere
tLree ﬁ,p:c;l spbcire giver iu /97, 3o/ are well

s oroximated by the formulae da ¢, x & rJ‘

wnere [ - 2342 (ane o).
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in I954-1937 I-reye spectrun deyond the osurvral some in the
epergy regiea of 200-1000 mm by aupperian and ‘riedmas
/33/ with the nelp of Oexni‘nu counters, imstalled in
rockets at the 2)~114 mm altitude. it was found out the: with
incrrase of Reight progressive imorease of soft quasisintensity

and decrease of rigid quanta i.tesasity cocurred in such s way that

98 total mumber of emans remsined ep;rezismtely conaiant.
Phoee detalled spsetrum acwsurvmente data at the 42-57, w-T7,,
end [I0-114 N» sltitudes which give celaciding results ia the
onerLy reglien of %0-300 cov, are giveain Pig.i. Por 10300 xev
omergy thest FOGults esolneide witu ABierwon's wessureescis <ata
/97,38/ hewsver ia the Yegiesm of i€ 50 Kev they are st in
agresmeut. Frobably the data /88/, ebtained ia toe pelar regia
1a the peried of L-ray isereass, reflected & peculiarity of ihe
phencusasa, éuriang Which there cocnrs an additicaal intens.\y
issresss of partienierdy asft radietien.

it chenld M Jales f0te sceomns, thet 18 the regiom of 100
~300 bov e deot AN/ ase Wy 48 enter of sagnetuie higher, thea
these of AW .

fas, e slaunnidensd cpostasnte shou, Wat there ie
ssasidevabie I~suy sadiation, the Latensity of which greetly
insreasee tSesards e Mgl) sesgise sdout 1o+00 v, ia %he
wper stmstphore. Tece flumes Moneas mve Anteasive duriag
mrorsl and geenggnelis otemns. Cunpering thees daits uith reghet

! obeervetione of slestres fluses ot the 100 mm altituds it is
casy 10 come to the eemslusios that ia tue atwesphere Lhere

rxists permanestly sufficiantly intesslive el-c:rom flux wh.ch

P
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reveals 1teelf particularly due tc deccleratisa electiron redisties
shea they peastrats iate relatively dease atmssphere lagere
st the ~ 100 k» sltitude.

Corpusvuler flus isveseipy

(
i
t , mmmxumutmuuummm«
the rediatica bolts, were shtained Wy megus of Ueiger esunters,

’ fer iavestigatios of cesmis Tage and therefere thay wete
ast semedtiveto cenpsretively seft redistien bdajag, oo 1t we
leter found out the fudesmental part of corpuseuiar redisties. s
Megefere the firet obesrvaticss gave undervotimsted valwee
{ of intemsity sad overestimated veluss of partisles eoffective

onargy, amd at high uncu-+u iastruments sealed off Beth
18 the firet Amsricea sad Seviet satellites.
’ I8 hed bees alressy memtiemed, that earlier elestzea flus |
i sateasity deterniasticas were overestimated. Aonntn te Sabde I :

(poIR) WMo elcizes flux with eneegy 5240 bov 1s sbeut 10 QUJ
ooe. ind Whe Shawpmmus: lese of saergy @ whe flux tetals ealy

o nigligidle part. It 1o obvicus thet She flu caergy is met y
oufficiont 30 ceuse set ealy iatemsive sureres, wWhere ¢leetses
flemse with pover of Nikrets ent Sheusende of org/es’see cou

e oboerved, But even weak cuss, a9 bore electiroa flux lalb vate
te 1-1C erg/cafssc. S, seesmiing te O'lriea’s et.al ebesrvasios
736,51/ &t the 1000 Km altitide ia s surerel scas electrem
flanss with EDI kev reach JO-I00 ergfen’ece. sad considerable
por seat of electreas peasirate t1ate tne stmeephere, preodusisng
lenisatien and sxcitution of ‘stmsephere spesies ot the 100-200 W
sltitudes. Nowever thess GEE goncrel flumee osuld et emsile

o o
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ar. surora, as whern the esarfic:snt of coversion of ' --troa flus
sneryy into rediation is about U.2 per ceai (coapare with p.IQ)
thaj produce about 2,l.-0.002 crg/c.zuc. whst practically hs
next tc impcseidle to cdserve at thne nightclow backgroumd.

_r t%a giher nand, investigetione (f elemepnlary processes
in tne MBe@phere /77,:3,70,91/ make it neceasary 'c sssume, that
in the uy, er atmosphere tnere emist electron fluxes -f about
1 cn/uznc.

Swmmerizing various expsrimestal du'a coacerring electrea
fluxes in the icaosphere and aur-raes at the [O0U-100C & altitudes,
let us smphasisé sone peculiarities of the Tluzes, ehi:a ere
applied to tie problem: from what rec ions elsciron Tlugwa

originate.

Aye the radistion telts particles tne scurme of sLroruel

5

‘Eperiments showed, tnat amgnelic li.nes .f force from the
outer rediation belts appruech e lat.ludes, sit.al-2 delow
surorsl somes, while corpuscular [iuxes :i.vas.ly DaLitu®
coinciies with surorsl zone st the alt.tude of I« ku. As &
resuit of investigstions o8 rockets and satell.tes it wes
est@dl.shed, that io the ionosphere regions during quiet periods

corpuscular fluxes, co-pmngm inteasity point cf view
with elestrn fluses in the redistioa pekag bWelts ere obeerved.
kot to meatien hijghly istensive electron fluxes, causing surores
ooe may say thet the rediatioa belts, if ce take intc sccount

thair eaergy store, are unable to supply ever lucse seneral
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electron fluxes in the ionopphere, as dlectiren fluxee ia the
rediaticn Ydlte are cemapradly stable, :t least they gredmally
vary, loag-lived aud hard .y spending their esmergy. At the same
tise in the ionesphers telow the radistion delts there oxiot

——

comparetively repilly varying, local electrea fluzes, with
consideratle lose of enercy particularly in the auroral soame.
Besides present d=ta testify teo the fact th.t electrens
energios spestrum i3 the radistios delts is probadly wmwore
rigid and mere slepiag, th-1 in corpuecular fluxes ia ihe
iomonsphere and surorss, in comnection with it the lstter are
abeorved at the 200-)00 km sltitude (iomosphere) and ~ ICO &=
(aureores) while parti:les from the radietion belts are sble

to pemetrete u. to D-layer and should ceuse ionisation aad

(as & result) refiie-wave adeorption., It ehould be neted, that
particle flaxes , which causs surerss, pesees, such great
esnergy that the netiom of the gesmagnetic dipele field Lo met
She true for *hem. Ia this csamection , the fact emet of
ecoincidence of gesmagnetic 1 tudes and surorse eccurrence
aemente x"oll hetih spheres, revealed during I3Y, needs spesial
explenation, lswever at present tais fast is disputed,

There can be presented some other argulmmts againet the
nechaniam of fermatioa of e¢lectrom fluxes, >8using surorse,
out of the radiatiom delts partisles dut the adbovementisned
arguments are prodably encugh. It is werth addiag that the
diecussed in literature seshanisme of perticies loes from the
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rediation delte cennet proviie u form.licn of necessiry inteng

ve slestiron fluxes.

Nechealee of Kectron eas Lrem She Madistion Delts

Perhaps, one of the moSt impertant prodlems, o shich

the theory explaining aurcrse by particles of the radiatiom
beits sooull giv: an angwer, is the problea concerning the way ¢
of particles ieaving the redistios bdelts for the atacs here.
As 1t was menticned sbove, faveuredle coaditions for pariicles
lose from the rediagion delte arise perhaps in the period of
goemagnetic iisturbances. ‘here were alse sugsested anctner
mechanisme of particles loss.Bode /85/, Binger /7/,
¢——— Ineus et.al /32/ estimated the veloeity of the loss dus
to the impact of particles from the dellts with atmosphere
particles. A churged particle of the rediatien be.'s aae the
greatest prodability of impact 21089 to the turningepoi-te where
almest every iapact leads tef the Lagresse of ice _ithh angle ;
aad comeequenily quickeas the pertisle l1ose due to adesrptioca
in the atwn.sphere. Hewever this mechanism (e rether siow.
Y.D.Pletnev /93,94/ considered a particle loss iue tc shors-
~period geomagnetic field muu-:) |

Co .t 4ifferent distances frem the Barth there >-iginate

regionsg of lower intesity of the trepped pert. .es fl.x, theee
distances corresponding to the ebserved data.

Matsushita /9% , 33/ considered ; mechuniem of sleciros
lose wsder the iflusmce of electrestatic fieids, furm»d im the ;
wpper stmosshere during Jeom.onetic sterms, ivents lixe
icnisation incrogase in P-layer, ajpeurence cof l.. increane of
‘F, and iacrecse of aheorption of coasmi: rud: x::tu ir

s, ——-—y
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te .cmnsphere Deluyer w2 coanected wita pemetration of
eiectrons frov radi.t.on zou.ee 10tO the atmcephere ,90/.

rem and festia /37/ considered particles lees from the
belta -es:lt.ing from instuol.ity in the electiroa belts due te mmm

4 PO

~ertuin iowering of turaing- . .cln's eO~4he—Lonpp »

though the reages for the Lowering is etill moiplunoé.j‘

we saw, the diocussed mechanigms are 20t gble to give an
sxplunation to the foraatiun of (atensive, looal repidly

varying ®eft electrom fluxes. Ine results of iaveatigstions of &
the radiation belts and aurorel particles discuseed 18 the

given survey show that the rediation delts are unlike to be

t~= scurce o0f asurcores. And again there irises a2 quest.ca
concerning the source of aurvree, Frodsbly soft electrca fluxes
Guickiy loosing their energy, exoiling surerde sad the ioneephere
are forwed in the uppereet -t-ewnomt relstively low sltitudes
{me may belisve /77,T8/, that electrea sccelerution results frem
geomagnetic variations due o the eath magnetic field. :cwever,
@6 it 18 clear, st present the conerete Bechaniem of thisse

siec:Peus scceleration haa not yet found.

Instituta of Ap lied Sedphysicae

of the Acadewy of Jciences of the U35R.
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